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Abstract
Objectives: The authors sought to describe the epidemiology of and risk factors for recurrent and high-
frequency use of the emergency department (ED) by children.
Methods: This was a retrospective cohort study using a database of children aged 0 to 17 years,
inclusive, presenting to 22 EDs of the Pediatric Emergency Care Applied Research Network (PECARN)
during 2007, with 12-month follow-up after each index visit. ED diagnoses for each visit were
categorized as trauma, acute medical, or chronic medical conditions. Recurrent visits were deﬁned as any
repeat visit; high-frequency use was deﬁned as four or more recurrent visits. Generalized estimating
equations (GEEs) were used to measure the strength of associations between patient and visit
characteristics and recurrent ED use.
Results: A total of 695,188 unique children had at least one ED visit each in 2007, with 455,588 recurrent
ED visits in the 12 months following the index visits. Sixty-four percent of patients had no recurrent
visits, 20% had one, 8% had two, 4% had three, and 4% had four or more recurrent visits. Acute medical
diagnoses accounted for most visits regardless of the number of recurrent visits. As the number of
recurrent visits per patient rose, chronic diseases were increasingly represented, with asthma being the
most common ED diagnosis. Trauma-related diagnoses were more common among patients without
recurrent visits than among those with high-frequency recurrent visits (28% vs. 9%; p < 0.001). High-
frequency recurrent visits were more often within the highest severity score classiﬁcations. In
multivariable analysis, recurrent visits were associated with younger age, black or Hispanic race or
ethnicity, and public health insurance.
Conclusions: Risk factors for recurrent ED use by children include age, race and ethnicity, and insurance
status. Although asthma plays an important role in recurrent ED use, acute illnesses account for the
majority of recurrent ED visits.
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Emergency department (ED) use has been steadilyincreasing over the past decade,1 with childrenaccounting for over one-quarter of the 114 mil-
lion annual ED visits in the United States.2,3 Every day,
approximately 80,000 children seek emergency care in
U.S. EDs, and 20% of all children in the United States
will have at least one ED visit each year.2,3 EDs are now
the most common site for acute care visits nationally.4
As ED visits and costs increase, recent debate on U.S.
health care has focused attention on the effect of poten-
tially inefﬁcient and expensive use of EDs.5–8 Recent pol-
icy initiatives, including the Affordable Care Act9 and
the establishment of accountable care organizations,
have stressed improving the coordinated treatment of
patients across different settings of care to improve
patient outcomes and decrease the strain on our health
care system.10–13
Repetitive or frequent use of ED services is deﬁned as
recurrent ED use over a period of time by speciﬁc indi-
viduals.14,15 The rate of repeat visits to a pediatric ED
has been used as a quality improvement metric of ED
care and has been postulated to serve as a marker of
suboptimal quality or access to health care or an indica-
tion of limited self-management skills or health liter-
acy.16 Researchers have noted the need for further
study to better understand frequent ED utilization, to
help identify at-risk populations, and to develop inter-
ventions to decrease repetitive ED use.17
Frequent users of the ED account for up to 40% of all
ED visits.15,18–21 A recently published systematic review
of the literature on frequent ED users indicated that a
small proportion (4.5% to 8%) of all ED users accounted
for approximately one-quarter of all ED visits.22 This
review of 25 studies included only two studies of solely
pediatric ED patients.23,24 With this in mind, this sys-
tematic review noted that “subgroups have not yet been
sufﬁciently deﬁned to allow clearly directed policy
design” and identiﬁed several limitations of the pub-
lished literature, noting that site-speciﬁc analyses pro-
duced a large degree of heterogeneity and limited
generalizability.22
We performed this study to avoid some of the limita-
tions of previous studies; speciﬁcally, we have access to
large pediatric patient populations from a diverse
national consortium of pediatric EDs, the Pediatric
Emergency Care Applied Research Network (PE-
CARN).25 We hypothesized that important patient-level
factors, including diagnoses and illness severity, are
associated with pediatric recurrent and high-frequency
ED use. This information will be important for resource
allocation and policy decisions, especially in light of
recent national initiatives concerning coordination of
care of pediatric patients across care settings. Thus, the
objectives of this study were to assess the rates of, diag-
noses associated with, and risk factors for recurrent ED
use by pediatric patients.
METHODS
Study Design
We conducted a retrospective cohort study of pediatric
patients. The institutional review boards of all sites and
of the PECARN data center approved the study.
Study Setting and Population
Patients presenting to participating PECARN25 EDs dur-
ing the calendar year 2007 were the cohort. Follow-up
data were available for all participants making index
visits in 2007 through December 31, 2008. Data were
provided by 22 EDs. Of these, 77% are separate pediat-
ric EDs and 23% are pediatric EDs within general EDs.
Patients were eligible if they were of age birth to 18th
birthday and presented to any of the participating PE-
CARN EDs in the calendar year 2007. We excluded
patients who died in the ED because they would be cen-
sored from follow-up.
Study Protocol
Recurrent visits were deﬁned as any repeat visit within
12 months following an index visit in calendar year
2007. PECARN sites (listed in the acknowledgments) are
independent hospital entities and some may have over-
lapping catchment areas. To improve capture of return
visits, patients were linked longitudinally using a unique
patient identiﬁer within each site’s data and via proba-
bilistic linkage methods between sites.20,26 This method-
ology allowed 1) identiﬁcation of patients who returned
to the same institution, using the same site patient iden-
tiﬁer at each visit, and 2) capture of recurrent visits to
other EDs in PECARN. Return visits within 72 hours
may represent progression of disease processes.27,28 As
the aim of this study was to evaluate recurrent use of
the ED, rather than return visits within a single course
of illness; visits within a 3-day period by the same
patient were counted as a single visit. High-frequency
use was deﬁned a priori as four or more recurrent visits
within the 12 months following the index visit.14,15 We
obtained data from existing electronic sources using
previously described methods.29 Each site submitted
encrypted data to the data center where the data were
reviewed and summarized. Each site reviewed summary
statistics for data elements from that site and a study
investigator (ERA) reviewed summary statistics for data
elements from all sites to assess for outliers and poten-
tial errors. Full data validity procedures have been pre-
viously described.29
Variables were included based on availability in the
database and past association with recurrent ED vis-
its.22 Data elements included both patient-level and
visit-level characteristics. Patient-level characteristics
are those deﬁned once for the patient across all visits.
Patient characteristics included age, sex, race, ethnicity,
and payer type. Because these variables were collected
longitudinally for each visit, patient-level information
was based on the ﬁrst, nonmissing value available with
the exception of payer type, which was assigned the
most frequent type observed for that patient. Age
groupings were based on Centers for Disease Control
and Prevention categories.30 Visit-level characteristics
relate only to a speciﬁc visit and may describe acute or
situational inﬂuences. Visit-level information included
dates and times of ED arrival and discharge; arrival
mode; ED type; ED diagnoses using International Clas-
siﬁcation of Diseases, Clinical Modiﬁcation (ICD-9-CM),
diagnosis codes (up to 15 per visit); and ED disposition.
Time of ED arrival was categorized as weekday busi-
ness hours if arrival occurred on a Monday through
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Friday from 8:00 a.m. until 4:59 p.m. Diagnosis informa-
tion excluded one site, which provided hospital (rather
than ED) discharge diagnoses for admitted patients.
ICD-9-CM codes were grouped using the Diagnosis
Grouping System31 to allow for clinically sensible
groupings of pediatric ED diagnoses and were broadly
categorized as trauma (e.g., fractures and dislocations
[extremities], brain and skull trauma), acute medical
(e.g., fever, infectious respiratory diseases), or chronic
medical (e.g., congenital circulatory and cardiovascular
diseases, diabetes mellitus). Although each ICD-9-CM
diagnosis code was placed into only one category, each
visit could be classiﬁed into multiple diagnosis group-
ings based on all diagnosis codes available for that visit.
Severity of the ED visit was determined using the
Severity Classiﬁcation System, which assigns a severity
level from 1 (least severe) to 5 (most severe) for each
diagnosis, based on anticipated resource needs for that
diagnosis. Because patients may have had more than
one diagnosis, the most severe rating was used for each
visit.32 We designated patients as admitted if they were
admitted to the hospital or to a short-stay observation
unit or if transferred from the ED to another institution.
Data Analysis
We summarize variable distributions for continuous vari-
ables using minimum and maximum values and the med-
ian and interquartile range. We present categorical
variables using counts and percentages. Unavailable
(missing) values were excluded from calculations of per-
centages and summary statistics. Each patient was cate-
gorized as having 0 (index visit only), one, two, three, or
four or more recurrent visits. We calculated mean days
between recurrent visits, rates of arrival by emergency
medical services (EMS), and rates of hospital admission
and compared across levels of ED utilization. Visit-level
diagnoses and associated severity were also described
and compared by level of ED utilization. Patient-level
analyses used generalized estimating equations (GEEs)
with an exchangeable correlation structure to evaluate
the association of recurrent ED use with ED type, patient
age, sex, race/ethnicity, and payer type. GEE modeling
allows adjustment for clustering or correlation of out-
comes within EDs. The primary outcome of interest was
recurrent visit rate, modeled using a negative binomial
framework due to overdispersion. Observed unadjusted
recurrent visit rates, adjusted rate ratios, and associated
95% conﬁdence intervals (CIs) are reported. We addition-
ally modeled high-frequency use (four or more recurrent
visits) as a binary outcome, again using GEE, but with a
logistic regression framework. Adjusted odds ratios
(ORs) and associated 95% CIs are reported. Comparisons
of EMS arrival and admission rates also used a GEE
model to assess statistical signiﬁcance of observed differ-
ences across levels of ED utilization. A signiﬁcance level
of 0.05 was used for all analyses without adjustment for
multiple comparisons. We performed all analyses using
SAS 9.2 (SAS Institute, Inc., Cary, NC).
RESULTS
Twenty-two PECARN sites provided data on 695,188
children with at least one ED visit in 2007, after exclud-
ing those who died in the ED (n = 347). Table 1 shows
the demographics of this cohort. As noted above, return
visits within 3 calendar days were collapsed into a sin-
gle visit; 7% of patients had multiple ED visits within a
3-day period either of the initial visit or of a visit during
the 12-month follow-up period. There were 455,588
recurrent ED visits during the 1-year follow-up period,
representing an overall recurrent visit rate of 0.66 visits
per patient per year. A total of 2,199 (0.3%) patients had
at least one recurrent visit at a PECARN ED that dif-
fered from the original visit site. The recurrent visit rate
by age is depicted in Figure 1. The overall percentage
of patients with one or more recurrent visits was 36%
and ranged from 26% to 44%.
Twenty percent of patients had one recurrent visit,
8% had two visits, 4% had three visits, and 4% had four
or more recurrent visits (Table 2). The maximum num-
ber of recurrent visits was 26. The mean days between
visits ranged from 57 for those with high frequency use,
to 162 days for those with only one recurrent visit
(Table 2). Recurrent visits were associated with hospital
admission: those with high-frequency use (four or more
recurrent visits) had the highest admission rates, fol-
lowed by patients with only one visit (Table 2). Of the
18 sites reporting arrival mode consistently, use of EMS
services for arrival to the ED also differed by number of
recurrent visits (p < 0.001); patients with only a single
ED visit had the highest rate (10 per 100 visits). The per-
centage of visits occurring during weekday busi-
ness hours was 32% overall and was similar for each
category of recurrent visits (range = 31.7% to 32.3%).
Recurrent ED visits were also associated with diagno-
sis group: Table 2 summarizes the distribution of broad
categories of trauma, acute medical, and chronic medi-
cal diagnoses by number of recurrent visits. Acute
Table 1
Description of Overall Cohort (Total N = 695,188)
Characteristic n (%)*
Patient age, yr
Infant 118,182 (17)
1 to 4 224,269 (32)
5 to 9 150,203 (22)
10 to 14 123,552 (18)
15 to 17 78,982 (11)
Patient sex
Male 372,812 (54)
Female 322,351 (46)
Race/ethnicity
Black, non-Hispanic 267,451 (40)
White, non-Hispanic 248,571 (37)
Hispanic 115,231 (17)
Asian/Pacific Islander 10,867 (2)
American Indian/Alaska Native 1,308 (0.2)
Other 29,717 (4)
Primary payer
Public 347,885 (51)
Commercial 291,966 (42)
Self-pay 39,219 (6)
Other 8,761 (1)
*Unavailable (missing) values were excluded for the follow-
ing variables: sex (n = 25), race/ethnicity (n = 22,043), and
payer (n = 7,357).
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medical illnesses accounted for most of the ED visits for
all patients regardless of number of recurrent visits.
Chronic conditions were most common in high-fre-
quency users. Over one-quarter of ED visits for patients
without any recurrent visits were related to trauma, but
this was only 9% for high-frequency users. Table 3
depicts the association between recurrent visits and
speciﬁc diagnosis groups. Asthma was in the top three
most common diagnosis groups for all patients and was
the most common diagnosis group for high-frequency
users. Severity was associated with return visits: 17% of
high-frequency recurrent visits were high severity (4 or
5), compared to 11% to 13% in all other recurrent visit
categories (p < 0.001).
The multivariable model for recurrent visit rate is
shown in Table 4. Recurrent ED visits within 1 year of
an index visit were associated with younger age; black,
Hispanic, Native American, or other race/ethnicity; and
public health insurance. Recurrent visit rates were not
associated with patient sex or ED type. We also exam-
ined the same patient characteristics in relationship to
high utilization (four or more recurrent visits). Findings
were similar; in addition, females were slightly less
likely than males to be high users (OR = 0.93, 95%
CI = 0.90 to 0.96, not considered to be clinically signiﬁ-
cant) and those with payer type of self-pay were also
less likely (than commercial) to be high utilizers (OR =
0.68, 95% CI = 0.48 to 0.96).
DISCUSSION
This is the ﬁrst large, multicenter study of recurrent ED
visits in a solely pediatric population. Previous studies
of the recurrent use of the ED by pediatric patients have
been limited to single-center studies,23,24 to short-term
follow-up (recurrent use within 3 months),24 or to sub-
sets of children.33 We found recurrent use common,
with 36% of patients having at least one recurrent visit
in the 12 months following an index visit and 4% hav-
ing high-frequency ED use. Our ﬁndings are similar to
those of previous adult studies indicating that 8% have
some recurrent use,34 and 4.5% to 8% of adult patients
have four or more recurrent visits.22 However, our ﬁnd-
ings may underrepresent pediatric recurrent ED utiliza-
tion as our results differed from prior adult studies by
eliminating return visits within 3 calendar days, which
is generally considered to represent progression of a
single illness.27,28
Our study design allowed us to examine the diagno-
ses associated with recurrent ED visits. Asthma is
within the top three most common diagnostic groups
within all categories of ED use, and it is the most com-
mon chronic illness within each category. This ﬁnding
is similar to those of previous studies, which indicate
that chronic health issues in adults,35 and asthma, par-
ticularly in children, is associated with frequent use of
the ED.36 Notably, other than asthma, the illnesses most
common for patients with recurrent visits were predom-
inantly self-limited acute medical conditions. These
include infectious nose and sinus disorders (including
upper respiratory infections), fever, viral illnesses, infec-
tious ear disorders, and gastroenteritis. Trauma
accounted for 20% of all ED visits but was an infrequent
reason for recurrent visits to the ED. Visits within the
highest category of ED recurrent utilization had the
greatest admission rate (17 per 100 visits) and greatest
percentage within the maximal severity categories.
Previous studies have identiﬁed at-risk populations
with increased ED utilization.37,38 Our study identiﬁes
risk factors for high-frequency ED utilization within a
geographically diverse, solely pediatric population. We
found that age younger than 5 years, black or Native
American race, Hispanic ethnicity, and public insurance
are each independent risk factors for any recurrent visit
Figure 1. Recurrent visit rate by age in years.
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as well as for high-frequency utilization. Similar to prior
adult studies, our study indicates that publicly insured
children are frequent users of the ED.39 However, similar
to previous studies in adults,22,39 our results indicate that
uninsured children do not have an increased rate of
recurrent use. This ﬁnding may be indicative of a mone-
tary disincentive for using the ED for self-pay patients.
Alternatively, these ﬁndings may reﬂect higher relative
enrollment of pediatric patients in insurance programs in
general, and patients with chronic illnesses speciﬁcally,
into public insurance programs. Prior studies have indi-
cated that patients with frequent ED use also have fre-
quent primary care utilization,15,40 and in pediatric care,
the most at-risk patients socioeconomically are eligible
for public insurance (including the S-CHIP programs)
and potentially have increased opportunity for enroll-
ment in these insurance programs.
These ﬁndings echo those of a recent adult study34
and accompanying editorial,41 which highlight the
importance of the ED to provide access and needed
care to those “socioeconomically, medically, and psychi-
atrically vulnerable [who] tend to use the ED heavily
. . ..” We also found that younger, minority, publically
insured children were more likely to have frequent ED
utilization for common pediatric diagnoses (both acute
and chronic), with those visiting the most frequently
having the highest severity and admission rates. An
understanding of the needs of these patients and how
they are served (or not served) both by the current, and
by potential future, coordinated medical system is
important in shaping public policy.42
LIMITATIONS
As with any study using administrative data, there is
the potential for misclassiﬁcation or missing data. Other
risk factors (health literacy, access to primary care, etc.)
for recurrent use of the ED may exist that we were
unable to examine due to limited information within the
administrative database. In addition, as we are relying
solely on ED-generated diagnoses, the ED discharge
diagnosis information available within our study may be
more likely to capture chronic illnesses that have acute
exacerbations (asthma, seizures) and may underidentify
chronic conditions that represent important comorbidi-
ties in the face of acute illnesses (e.g., cystic ﬁbrosis,
developmental delay). For example, documentation and
diagnosis generation in the ED may more likely capture
those issues that are currently being treated during that
visit (e.g., seizure disorder in patient with active status
epilepticus) than those comorbidities that affect but may
be more remote to the presenting acute illness (e.g.,
developmental delay in the setting of aspiration pneu-
monia). Our study methodology does not allow us to
make any conclusions about the appropriateness of ED
use and whether, for example, patients were referred to
the ED by their primary care providers. While we linked
patients longitudinally within and between participating
institutions, we could not identify recurrent visits made
to EDs not participating in this study. Thus, our esti-
mates of recurrent visit rates are likely an underesti-
mate,20 and the rate of repeat utilization may be higher
than our results indicate. As described previously,
PECARN is not a nationally representative sampling
of patients, including care skewed toward pediatric
tertiary care hospitals; however, this study does provide
previously unavailable pediatric data from a large geo-
graphically diverse network.29 As the majority of PE-
CARN sites are pediatric EDs, our estimate of recurrent
visits may overrepresent children with chronic care
conditions who have the potential for increased risk of
acute medical issues and thus lead to an overestimate of
recurrent visits.
CONCLUSIONS
This large multicenter study of high-frequency pediatric
ED users identiﬁes risk factors for recurrent ED use,
including young age; black, Native American, or Hispanic
race or ethnicity; and public insurance status. Uninsured
patients did not have an increased rate of recurrent visits.
Asthma and short-term acute illnesses are among the
most prevalent diagnoses for recurrent pediatric ED vis-
its. Our ﬁndings highlight that high-frequency recurrent
Table 2
Description of Cohort Stratified by Number of Recurrent Visits
Number of
Recurrent
Visits
Number of
Patients (%)
Number of
Visits (%)
Mean Days
Between
Visits
Admission
Rate per
100 Visits*
Arrival by
EMS, Rate
per 100
Visits*
Acute
Medical,†%
Chronic
Medical,†% Trauma,†%
Max
Severity
4–5,%
None 447,611 (64) 447,611 (39) N/A 14 10 67 23 28 13
One 141,742 (20) 283,484 (25) 162 11 6 74 26 21 11
Two 56,395 (8) 169,185 (15) 114 11 5 78 28 16 11
Three 24,889 (4) 99,556 (9) 87 12 5 80 32 13 12
Four or
more
24,551 (4) 150,940 (13) 57 17 6 81 40 9 17
Overall 695,188 1,150,776 109 13 7 71 27 20 13
GEE = generalized estimating equations.
*Unadjusted p < 0.001 for differences across recurrent visit category based on GEE modeling of admission/EMS arrival rates.
†Percentage represents percentage of total visits within each recurrent visit category and may add to more than 100% as each
visit could have up to 15 diagnoses. Visits reporting diagnosis codes classified by DGS within the no revisit group = 403,719;
one revisit group = 257,411; two revisit group = 154,252; three revisit group = 91,346; four or more revisit group = 139,281.
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visits include both common pediatric diagnoses, poten-
tially evaluated in a range of outpatient settings, and
more severe conditions that result in a higher likelihood
of admissions. Knowledge of patient- and visit-level fac-
tors may be used to target at-risk patients or design
health care system modiﬁcations for potential interven-
tion programs to enhance access to and improve coordi-
nation of care for all children.
Participating centers and site investigators are listed in alphabetical
order: Atlantic Health System/Morristown Memorial Hospital
(Michael Gerardi); Bellevue Hospital Center (Michael Tunik);
Calvert Memorial Hospital (Kraig Melville); Children’s Hospital of
Buffalo (Kathleen Lillis); Children’s Hospital of Michigan (Prashant-
Mahajan); Children’s Hospital of New York–Presbyterian (Peter
Dayan); Children’s Hospital of Philadelphia (Elizabeth Alpern);
Children’s National Medical Center (James Chamberlain); Cincin-
nati Children’s Hospital Medical Center (Richard Ruddy); DeVos
Children’s Hospital (John Hoyle Jr); Franklin Square Hospital
(Diana Alexander); Harlem Hospital Center (Nadine Levick); Holy
Cross Hospital (Christina Johns); Howard County Medical Center
(David Monroe); Hurley Medical Center (Dominic Borgialli); Johns
Hopkins Medical Center (Jen Anders); Marquette General Hospital
(Donald Snowden); Medical College of Wisconsin/Children’s Hospi-
tal of Wisconsin (Marc Gorelick); St. Barnabas Health Care System
(John Brennan); University of California Davis Medical Center
(Leah Tzimenatos); University of Michigan (Alex Rogers); Univer-
sity of Rochester (Madelyn Garcia); University of Utah/Primary
Children’s Medical Center (Doug Nelson); Upstate Medical Center
(James Callahan); and Washington University/St. Louis Children’s
Hospital (David Jaffe).
PECARN Steering Committee: N. Kuppermann, Chair; E. Alpern, J.
Chamberlain, J. M. Dean, M. Gerardi, J. Goepp, M. Gorelick, J. Ho-
yle, D. Jaffe, C. Johns, N. Levick, P. Mahajan, R. Maio, K. Melville,
S. Miller*, D. Monroe, R. Ruddy, R. Stanley, D. Treloar, M. Tunik,
and A. Walker.
MCHB/EMSC liaisons: D. Kavanaugh and H. Park.
Central Data Management and Coordinating Center (CDMCC): M.
Dean, R. Holubkov, S. Knight, and A. Donaldson.
Data Analysis and Management Subcommittee (DAMS): J. Cham-
berlain, Chair; M. Brown, H. Corneli, J. Goepp, R. Holubkov, P.
Mahajan, K. Melville, E. Stremski, and M. Tunik.
Grants and Publications Subcommittee (GAPS): M. Gorelick, Chair;
E. Alpern, J. M. Dean, G. Foltin, J. Joseph, S. Miller*, F. Moler, R.
Stanley, and S. Teach.
Protocol Concept Review and Development Subcommittee (PCR-
ADS): D. Jaffe, Chair; K. Brown, A. Cooper, J. M. Dean, C. Johns,
R. Maio, N. C. Mann, D. Monroe, K. Shaw, D. Teitelbaum, and D.
Treloar.
Quality Assurance Subcommittee (QAS): R. Stanley, Chair; D. Alex-
ander, J. Brown, M. Gerardi, M. Gregor, R. Holubkov, K. Lillis, B.
Nordberg, R. Ruddy, M. Shults, and A. Walker.
Safety and Regulatory Affairs Subcommittee (SRAS): N. Levick,
Chair; J. Brennan, J. Brown, J. M. Dean, J. Hoyle, R. Maio, R.
Ruddy, W. Schalick, T. Singh, and J. Wright.
*deceased.
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